Background and Purpose-The effects of alternative antiplatelet agents such as clopidogrel and dipyridamole have been studied in clinical trials and heavily marketed. Because public data on their usage are limited, we examined trends in their prescription after stroke and transient ischemic attack to assess the impact of marketing and trial results. Methods-Between 2001 and 2005, 85 US hospitals prospectively enrolled all patients admitted with ischemic stroke or transient ischemic attack into a registry designed for quality improvement (Ethos). Data on rates of antiplatelet medication usage at discharge were examined over time, and trends were evaluated by the Mantel-Haenszel test. Results-Among 18 020 patients included during the 4-year period, 89% were discharged on antithrombotic medication.
T reatment guidelines for stroke and transient ischemic attack (TIA) have recommended antiplatelet therapy to reduce the risk of recurrent stroke and other vascular events. [1] [2] [3] However, guidelines have generally left the choice of antiplatelet therapy vague, considering aspirin, clopidogrel, and dipyridamole-aspirin all acceptable treatment alternatives, reflecting the uncertainty of the evidence from clinical trials. [1] [2] [3] Three recent large-scale, randomized trials have examined combination therapy with clopidogrel-aspirin. The CURE trial in 2001 and the CREDO trial in 2002 were each conducted in patients with acute coronary syndromes, and both found that clopidogrel-aspirin reduced the rates of serious vascular events when compared with aspirin alone. 4, 5 Results of these trials were widely publicized and marketed, and use of the combination was endorsed in the 2002 American College of Cardiology/American Heart Association guidelines for management of patients with coronary heart disease. 6 Prescription of clopidogrel was observed to increase among patients with acute coronary syndromes at hospital discharge. 7, 8 The MATCH trial subsequently compared clopidogrel-aspirin with clopidogrel alone in patients with prior stroke or TIA. 9 The trial was negative, with a nonsignificant reduction in major vascular events with combination clopidogrel-aspirin accompanied by an increased risk of bleeding.
Data on actual usage of antiplatelet agents are limited, particularly for the selection of agents other than aspirin. Thus, trends in usage and the potential impact of clinical trials and marketing have not been evaluated. Using a large, national stroke registry, we sought to assess recent trends in the prescription of antiplatelet agents after stroke and TIA. We sought to define usage of alternative antiplatelet drugs and to examine whether publication of large randomized trials, particularly the MATCH trial, was associated with alterations in usage patterns.
Methods
This study was sponsored by Sanofi-Aventis; the sponsor was not involved in defining the research question and analysis plan and did not have access to the data or this manuscript before publication. We analyzed data from Ethos, a national Web-based acute stroke registry designed to improve quality of care and track outcomes. 10 From 2001 through 2005, Ethos participants prospectively enrolled all patients admitted with ischemic stroke or TIA, as detailed previously. 11 In brief, 85 hospitals across the United States participated in Ethos, which allowed them to track quality of acute stroke care and compare results against benchmarks generated from national data. These hospitals had a median catchment area of 393 000 (interquartile range [IQR] 223 000 to 799 000), had a median of 326 (IQR 204 to 478) beds, treated a median of 275 (IQR 185 to 407) stroke patients per year, and were 48% academic. All were well equipped to deal with stroke patients: the majority had written stroke guidelines (98%), had a neurosurgeon available within 2 hours (95%), and were able to handle stroke patients 24/7 (99%). Slightly fewer had an onsite stroke team (70%). Participants agreed to include all stroke and TIA admissions during their tenure in the registry. Not all hospitals remained in the registry for the entire 4 years; rather, hospitals joined and left the registry at various times throughout the period of study, with a median duration of participation of 22.6 months (IQR 9.3 to 31.9 months).
Fifty standardized data elements were collected, including demographics, timing of symptom onset and hospital arrival, clinical characteristics, and treatment. Information on prescription of medications at discharge included data on the following antithrombotic agents: aspirin, clopidogrel, dipyridamole, ticlopidine, a combination of extended-release dipyridamole and aspirin (henceforth referred to as dipyridamole-aspirin), and warfarin. Because no information was collected on the presence or absence of atrial fibrillation, we were unable to determine whether warfarin was appropriately prescribed to patients with an indication for an anticoagulant. We therefore report rates of warfarin usage but did not attempt to analyze trends in the usage of anticoagulants during this time.
We first examined rates of overall antiplatelet medication usage at discharge (from hospital, or from the Emergency Department if a patient was not admitted) across all patients in all hospitals and assessed whether patients who received no antithrombotic medication had a documented, valid contraindication to treatment. The following were considered to be valid reasons for nontreatment: bleeding risk, refusal of treatment, allergy to medication, peptic ulcer, terminal status, cancer, and recent or planned surgery. We then defined mutually exclusive antithrombotic categories: aspirin alone, clopidogrel alone, clopidogrel-aspirin, dipyridamole-aspirin, other (including either dipyridamole or ticlopidine alone), and warfarin (alone or in combination with an antiplatelet agent). Usage rates were examined over time, with particular reference to the timing of the publication of results from the CURE, 4 CREDO, 5 and MATCH 9 trials. Trends were evaluated with the Mantel-Haenszel test. All statistical analyses were performed with SAS release 9.1 (SAS Institute, Cary, NC).
We initially included all patients with TIA or ischemic stroke who were discharged alive from any hospital that participated in the registry for any length of time during the years from 2001 through 2005. Chronological time was divided into 3-month segments, and usage of the defined antiplatelet groups was charted at these times. To account for the possibility that trends were influenced by the particular group of hospitals in the registry at given points in time, we repeated analyses including only those hospitals that contributed to the registry both before and after the results of the MATCH trial were published (ie, during the entire year of 2004, at the minimum).
Results
Eighty-five hospitals contributed a total of 18 953 patients diagnosed with TIA or ischemic stroke during the observation period; 18 020 (95%) were discharged alive and included in these analyses. Of these, 12 930 (72%) were diagnosed with ischemic stroke, and 5090 with TIA. These patients were an average 71.3 (Ϯ13.7) years of age, and 82% were white. Overall during the observation period, 89% of patients received an antithrombotic medication at discharge. Of the 11% who received no antithrombotic medication of any kind, 36% had at least 1 valid documented contraindication to treatment. These included bleeding risk (33% of all contraindicated patients), terminal illness (52%), discharge against advice (4%), surgery (3%), allergy (3%), refusal of treatment (3%), cancer (2%), and ulcer (Ͻ1%). Therefore, 93% of eligible patients received antithrombotic treatment.
Aspirin was the most commonly prescribed medication, with a total of 9679 patients (53.7%) receiving it either alone or in combination with another antithrombotic agent. Aspirin alone was prescribed to 26% of patients, 21% received warfarin (with or without additional antiplatelet medication), and 22% were prescribed clopidogrel-aspirin, with Ϸ10% each receiving dipyridamole-aspirin or clopidogrel alone. A very small percentage of patients received either ticlopidine (0.18%) or dipyridamole (0.03%) alone or a ticlopidine-aspirin combination (0.08%) (the Table) .
Combination Therapy With Clopidogrel and Aspirin
Between 2001 and 2002, 2 major randomized, clinical trials reported increased efficacy of clopidogrel-aspirin versus aspirin alone in patients with acute coronary syndromes: the CURE trial in August 2001 4 and the CREDO trial in November 2002. 5 Spanning before and after these trial results were pub- Figure) . In July 2004, an increased bleeding risk was reported in the clopidogrel-aspirin arm of the MATCH trial, which specifically evaluated patients with prior stroke or TIA. 9 Concomitantly, the use of the combination after stroke or TIA decreased sharply from 31. To account for biases potentially caused by changes in registry membership over time, we repeated analyses including only those hospitals that were in the registry both before and after the MATCH trial results were published (defined here as participation throughout the entire year 2004). Fourteen hospitals met this criterion and contributed a total of 7619 patients. This subgroup was similar in sex and race to the larger cohort, although patients were slightly younger (70.7 vs 71.3 years, Pϭ0.0009), were less likely to be treated in an academic hospital (56.6% vs 61.0%, PϽ0.0001), and had a higher percentage of ischemic stroke compared with TIA (73.6% vs 71.8%, Pϭ0.003). Median time in registry for these hospitals was 38.1 months (IQR 31.9 to 48.9). Similar to the trend observed in the larger cohort, usage of clopidogrel-aspirin rose from 18% of 
Discussion
In this nationwide registry of patients with ischemic stroke and TIA, we found that alternative antiplatelet agents such as clopidogrel and dipyridamole-aspirin are widely prescribed at hospital discharge. We observed dramatic shifts in usage of these medications coincident with publication of results from large clinical trials.
Guidelines concurrent with our registry data and predating the MATCH trial recommended that every patient with a noncardioembolic stroke or TIA without contraindication should receive an antiplatelet agent to reduce the risk of recurrent vascular events. 1, 12, 13 We found excellent adherence to this recommendation among hospitals participating in Ethos. Although the guidelines clearly specified the use of antiplatelet therapy, the choice of which therapy to use was left vague, in large part because of the paucity of antiplatelet trials conducted specifically in patients with ischemic stroke or TIA. Any of the following were listed as acceptable treatment options: aspirin (50 to 325 mg/d), the combination of aspirin and extended-release dipyridamole, and clopidogrel. The fact that the guidelines themselves did not address the issue of the relative merits of different antiplatelet therapies no doubt contributed to the wide variability in usage that we observed.
During the time period analyzed in the Ethos registry, clopidogrel was the most frequently studied of the alternative antiplatelet medications. Two major trials, CURE 4 and CREDO, 5 compared clopidogrel-aspirin-a promising combination given their different mechanisms of action-versus aspirin alone. These trials included patients with acute coronary syndromes. Despite the fact that stroke was not the disease studied, the positive results may have influenced practice because of the perceived similarity between stroke and coronary heart disease and the lack of alternative therapies. Simultaneously, clopidogrel was being heavily marketed in the US by Sanofi-Synthelabo, in alliance with Bristol-Myers-Squibb. Launched in the United States in 1998 with a sales force of 800, 14 1155 medical representatives were focusing their efforts on clopidogrel by the year 2000. 15 This number had nearly doubled by the end of 2001. 16 United States numbered almost 8000, 17 and clopidogrel had become the best-selling product for both companies. 17, 21 In the presence of such marketing, it may not be surprising, therefore, that studies of cardiac disease may have influenced the prescribing behavior of physicians for secondary prevention of stroke. Accordingly, the usage of clopidogrel-aspirin, which had begun even before the CURE and CREDO trial results were published, steadily increased during the observation period.
The MATCH trial not only failed to find support for the use of clopidogrel-aspirin in patients with ischemic stroke and TIA, but it also reported a high risk of bleeding in patients treated with this combination. 9 Publication of these results was followed shortly by a dramatic decrease in the use of this combination by hospitals in our study. Clopidogrel monotherapy increased only slightly, most likely because its small advantage over aspirin 22 was counterweighted by its greater cost. Aspirin monotherapy, which had lagged behind prescription of clopidogrel-aspirin before the MATCH trial, rose sharply in the months after the trial but returned to its prior level shortly thereafter. Dipyridamole-aspirin, shown to be more effective than aspirin alone in preventing recurrent events, 23 showed the greatest increase in usage.
Recent guidelines have continued to recommend aspirin, dipyridamole-aspirin, and clopidogrel as acceptable options after stroke or TIA, while recommending against the use of the combination of clopidogrel-aspirin, 2, 3, 24 in part based on the MATCH results 9 and more recently based on the results of the CHARISMA trial, which showed that clopidogrelaspirin is no better than aspirin alone in patients with stroke, TIA, and other cardiovascular disease or at high risk for cardiovascular disease. 25 Also, the ESPRIT trial recently demonstrated a reduction in the risk of stroke and cardiovascular events with the use of dipyridamole-aspirin compared with aspirin alone. 26 This also might further alter treatment guidelines and clinical practice.
There are several limitations to our study. Although participating hospitals agreed to enroll all consecutive patients with stroke and TIA, no audit was undertaken to assess whether enrollment at these hospitals was complete, so some selection of cases for inclusion cannot be ruled out. Similarly, the quality of the actual data, which were generally abstracted from medical records, was not evaluated. In terms of prescription of antiplatelet medications, a multitude of factors, including individual hospital practices and broad national trends in stroke care, impact the treatment decisions made by physicians. Although we observed trends in antiplatelet prescription that mirror the findings of large clinical trials during the observation period, we cannot be certain that knowledge of these trials was the driving force behind these trends. In addition, whatever impact the antiplatelet agent trials might have had on prescription practices may appear amplified in our data compared with broader community practice. The Ethos registry was composed primarily of hospitals that are both dedicated to quality improvement and particularly well equipped to deal with stroke; therefore, these hospitals may have been more responsive to new evidence in the literature than the general population of hospitals in the United States. Conversely, these qualities may have engendered more cautious use of clopidogrel-aspirin, given the limited evidence supporting its use. Roughly half of the Ethos hospitals were academic institutions, compared with about 17% nationally, 27 and academic hospitals may be more likely to respond to research findings than nonacademic hospitals. Last, Ethos hospitals were large and urban, making it difficult to generalize the results of our study to the rural hospitals that comprise 45% of the hospitals in the United States. 27 Despite these limitations, the data produced in our study are unique and informative. Our data strongly suggest, in a large, nationally distributed sample, that a very high percentage of patients receive some form of antithrombotic therapy after stroke or TIA, with antiplatelet medications other than aspirin in frequent use. Usage of antiplatelet agents other than aspirin appears to have changed as new evidence has become available.
